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EDITORIAL
A role for macrophages in mediating tubular cell apoptosis?
Glomerular, and in particular, interstitial macrophage cules capable of inducing apoptosis of tubular epithelial
accumulation is a prominent feature in most types of cells in vitro [8]. However, manipulations that inhibit
glomerulonephritis [1]. Interstitial macrophage accumu- interstitial myofibroblast accumulation and fibrosis also
lation correlates with renal dysfunction and tubulointer- reduce interstitial macrophage accumulation and tubular
stitial lesions in glomerulonephritis and is predictive of apoptosis [9–11], making it difficult to tease out any
disease progression in lupus nephritis and immunoglobu- specific contribution by macrophages to the induction of
lin A (IgA) nephropathy [1–3], suggesting that these cells tubular cell apoptosis.
contribute to progressive renal damage. Indeed, macro- In this issue of Kidney International, Rodgers et al
phage accumulation is frequently present in areas of tubu- [12] have investigated the role of macrophages in tubulo-
lar atrophy and active fibrosis. However, macrophages interstitial damage in mice deficient in the 3(IV) colla-
have the potential to both cause renal injury and to gen gene. These mice develop renal disease that has
promote renal repair. Indeed, the wide variety of macro- many similarities to that of Alport syndrome. The study
phage responses to different stimuli indicates that macro- takes advantage of the unique observation that blockade
phage function is likely to be dictated by the microenvi- of TGF-1, via administration of a soluble form of the
ronment in which the cell finds itself. Thus, although it TGF-1 receptor, largely abolishes interstitial myofi-
has recently been shown that macrophages can induce
broblast accumulation and fibrosis without affecting in-
acute renal injury in terms of proteinuria and mesangial
terstitial macrophage accumulation or tubular cell apo-cell proliferation [4], it does not necessarily follow that
ptosis and atrophy. Having ruled out the contributioninterstitial macrophages cause progressive tubulointer-
of TGF-1 and interstitial fibrosis, what is the cause ofstitial damage.
this relentless tubular apoptosis and atrophy? RodgersThere are at least three possible mechanisms through
et al [12] favor the hypothesis that interstitial macro-which macrophages may induce tubulointerstitial dam-
phages induce tubular apoptosis in the Alport mouse.age. First, macrophages may cause tubular and capillary
They show that interstitial macrophages express matrixcell cytotoxicity through production of mediators such
metalloproteinase (MMP) 2 and 9, that MMP-2 andas tumor necrosis factor- (TNF-), reactive oxygen spe-
MMP-9 are in an active form, and that there is degrada-cies, and nitric oxide. Second, macrophages may promote
tion of the tubular basement membrane (TBM) in areasinterstitial accumulation of myofibroblasts by production
of focal macrophage accumulation. This suggests thatof chemotactic factors and growth factors such as plate-
macrophages may cause tubular cell apoptosis via degra-let-derived growth factor and fibroblast growth factor-2
dation of the TBM, leading to tubular cell detachment(FGF-2), and by the induction of tubular epithelial cell
and the induction of programmed cell death (a processtransdifferentiation into myofibroblasts via secretion of
transforming growth factor-1 (TGF-1). Third, macro- termed anoikis).
phages may promote extracellular matrix deposition by The postulate that interstitial macrophages cause tu-
myofibroblasts and tubular epithelial cells through pro- bular apoptosis in the Alport mouse through MMP-
duction of profibrotic factors TGF-1 and FGF-2. mediated anoikis is certainly an attractive hypothesis
The role of macrophages in progressive tubulointerstitial with strong supporting data. However, the data are asso-
damage has remained ambiguous since it is technically ciative in nature and do not prove a causal role for
difficulty to achieve specific and prolonged macrophage macrophage-mediated tubular cell anoikis. A number of
depletion in animal disease models. Interstitial macro- other factors may also play an important role in tubular
phage accumulation correlates with tubulointerstitial le- apoptosis in this disease model. Macrophages have the
sions in human glomerulonephritis [5], and interstitial potential to induce tubular cell apoptosis via the secre-
macrophages are associated with tubular cell apoptosis tion of cytokines such as interferon- or TNF- [13, 14].
in a number of animal disease models [6–8]. Consistent The loss of peritubular capillaries, which itself may be
with these observations, macrophages can secrete mole- due to macrophage-mediated damage, could lead to tu-
bular cell apoptosis via chronic ischemia [15]. In addition,
the 3(IV) collagen chain is present in a portion of theKey words: macrophage, tubular cell, apoptosis, anoikis, MMP, myofi-
broblast. TBM in normal kidney and its absence in the Alport
mouse could result in a subtle TBM abnormality that 2003 by the International Society of Nephrology
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